Spectrophotometric, electron paramagnetic resonance and oxygen binding studies on the hemoglobin from the marine polychaete Perinereis aibuhitensis (Grübe): comparative physiology of hemoglobin.
The physicochemical properties of giant hemoglobin (Hb) of the marine polychaete Perinereis aibuhitensis were extensively studied and the following results were obtained. (1) Light absorption spectra of the oxy, deoxy, CO, met, and cyanomet derivatives were similar to those for human Hb, except for a somewhat peculiar shape and pH-dependence of the met derivative, and high absorbance values around 277 nm for all these derivatives of Perinereis Hb. Abnormal pH dependence for the met derivative was confirmed by powder electron parmagnetic resonance (EPR) spectroscopy, which revealed that a water molecule does not coordinate to the heme iron as a sixth ligand. The high absorption around 277 nm is indicative of the existence of some non-heme polypeptide chains and/or a high content of aromatic residues in the molecule. (2) UV difference and derivative spectra revealed oxygenation-induced conformational changes in the protein moiety that are related to the degree of cooperativity. (3) The EPR spectrum for the nitrosyl derivative showed well-resolved triplet-triplet splittings due to 14N, indicating that the proximal residue is probably a histidine. (4) The oxygen affinity and cooperativity of this Hb were pH-dependent. Mg2+ markedly increased the oxygen affinity, the Bohr effect, and the cooperativity, which was maximal at physiological pH. CO2 and anions such as 2,3-diphosphoglycerate and inositol hexaphosphate had no effect on the oxygenation properties. Thus, different from vertebrate Hb, the oxygen-binding properties of this Hb are regulated by divalent cations which bind preferentially to the oxy form. The low temperature-dependence of oxygen affinity observed for this Hb is a sign of adaptation to the environment by this poikilothermic organism. (5) By using a graphic method, the minimal functional unit that preserves the full cooperativity (allosteric unit) was inferred to be the one containing 6 heme groups and its significance is discussed in connection with the structural hierarchy of the molecule.